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mo\® CHI 2J§[ 



[ 



[£JAh§ 



oil 2i & MSAjAhg s-?uua. 

OIIE|^B.| ^5JAf (9J) 



£1 PI 



27 0 38,000 m 

osos 

0 2 OS 

20 m 749.000 SI 

787,000 

393,500 3 

LfiSfAH • SAHIAH(E0)_1S 2.g£3ISI>I^S AlSg *||2£ 



em. ssia4=oia^s<y ^ah is]_i 
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^-^ofl nj-g. m-*J§}-# tiVS^] H^i^rfe ^2flsl P-AlInGaN# 1 
#°i N <gel€-?r«r 0 lSL(SiC)# ^ €-?r-£-i+ 0 l^ 0 l s. (SiCN)# ^ 

^f^S] p-Al x Ga y In 2 N#-8: ^Wfe 3J-§- ^$°.S. -g- ^<4M aJWsRr 

ofl A ^1 2#^r ^Efls] P-AlInGaN#SH ^ *fl 2# *fl 

1# -^-01*1- ^ s.^ nfl^-ofl ^ 2# W<>1 100 -g-^^B-f-olH 

ul51s|.<^ sqjf <^^>jL-i:(External Quantum Efficiency)-!: 7fl^^- ^ °1 ^ <=>1 

£. 2 

GaN, s^cM-JL-i-, SiC, SiCN, CN, LED. rough surface 



29-3 



W4M1 

m-^Sl-i- ^l-S.^] ik^diJ-HHI -Nit ride Compound Semiconductor Light 
Emi tt ing Device} 

£ 3a-3cfe * *W*fl tt(-^ ^^s] *(| 2%2\ ^S., 

S. 5a-5bfe £r ^"^^1 #^^ r s] AFM <>H*1, 

^ 6 o. m. igj-^ofl tcj-s}- t^x}^ *|] nj-g. ^-cfl 

#^-|r ^%^7}^ £i£ofl .2.^^- ^^sp 
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£ ^EflsT m-^S}-^- *K£*11 tti^r, *r2r°H 71^(10) 

*>^-^##(12), ^^Fr-l^S S£fe cff^^^-tf^t %^#(13), 

2)^1 5.-^- nflAl-Aiz]-€r]-JL *1^5 Aj.-g.Jg ^^-#(15, 17, 18)-&-§- ^^tb 4" 

ofl iL3l^-(16)# ^^^-o.^ ol^-^^lcf. o] sn££. AlInGaN^] 

oVS*ll ^^7Hl ^<^A] JZj^- ^ S^^^l §1-^-71- wjr£^l 

^•^-t=1-o1 ^.^sl- ^^^1 ^sj-s) al-B-^^rCDielectric constant)Ar°l5. H*} 0 ! & 

^ tl-tf 0 l ^§1-711 ^1^1- ^71-xl 5. AlInGaNTl] n. %Qs\ 

refractive index7j- 2. 55. ^r^l ^l^l refractive index l^f oIjebH 1.5°1 
# . u}-3M °lfl •d^i^lS AllnGaM °1 %^#oflA-l 

€ch °1€ ^aj-oI 4)tt ^} ^ si-^-^AfSi^oi ^xVfe ^-Br #°1 *fl 

W-ofl <*3- i^SM) £]S.5. 4lAl-Sl ^Ef ^7fA]^ ^AfS] ^-^^1 

#*1 <3*^§r ^Ml ^Cf. °1 S J #*>^ ^ A cM- 7B ^Al-fil S]Jf «y=A r 
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*1 3}-E"i-<H AlInGaNTfl #%^*rfl- «l-g-*H S^-lr cfl^l^^fe ^^7]- ^g- 

olaj Jl^-^- 7 fl>y3Hr Cree^r^ ^-f ^di^S] ChipS. 

i 

7l7i]ajo.s. 7>^sH 7fl^5M£ ^-3., a ^ Chemical etching 

°m Dry etching 7l*f^ ^l-g-^H Ti^Tfl ^#<H ^-*f <£*r :£-§--§- 7fl^ 

7lH ^nf. EE^: ^2- P-#^ <£e)om- £-51 ^ 7^ flow-f-sl ^ 

# ol-g-sH wv^- ^*M?1^>H 5.^-1- TH^Tfl *£#7l S. SMI 

5%o)o] 7}%<£ 7]$] ^7}^-^}^r. 5£tr Chemical °M Dry ^ 7l^# <>l-g-tf 

7^ °- 7]^7fl ^ofl 5tl<>H *fltr°l SX^, Ait LED A 

a] ofl^ ^7f£]S5. M7r SJH=r. a* n 7fl^^ ^ 5 

9X°]*\ 9X^. °M ^7f^oi HJ-^iL^ 

Hj-ofl ^"^^ S?d* ^^«H T^Tfi #3=^ ^ ^-§- oL 

^71 ^SflAife #oi ^^-£)o]o> ^-Cf. uj-eM °1^7fl 
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x)-^, ^EflS} ITT-^-i- tiV^^l) P-AlInGaN# *H<H| 1#<?] N lEfe 

^e^}oi-oj;E.(SiC)# Stt -M^^-7f-g-M-o)^^-o]H.(SiCN)# 

ll^Tflsl P-Al x Ga y In z N#-|- ^#*Kr ?A^r ^SlS. ^cf. 

eJ-ig©IH Hj-^o]| xfl z\] 2%~§r #5fls] P-AlInGaN# 

HVoi-ol ioo -g-iiHf-^lAi ^n>C| 3 s. -f-^ ^(island)-i- ^ 

GaN ^5l^7>«l-ol^(SiC)# ^^7l-£;M-<>lEH)-<>]:B(SiCN)# ^ 

9}^o]^s}o]^^)^os. ^S]fe 1#(20)°] ?M 
AlInGaN#(21)<>l tflfi^?! 1^^°]^. 

^Eflsl m-^S}-!- ^r£*fl 1t3t±*}2\ P-AlInGaN^ N S&tt P^ 
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°lH(CN)f"g- % sVfe «o v ^°1] <fl*iM *M1*1 7l#^ 

1. SigCb'S 1 . 

^oflAife SiC#-§: ^*1H ^ ii^sL ^MM* 

(Metal Organic) «y^ol D TBSi# ^-g-*>^-° ^ , ?Y¥r iiS ^-fM 

#(Metal Organic) ii^l CBr 4 » ^-g-Sr^cf. °1 4i^#-§: >M-§-^ 

Jf- ii SL^ *1£r«HM ^^71- ^7fl <£W1 OW SiH 4 #s) Hydride 

source* ^-g-^V ^ofl ^oflAj SiC#-§- ^ #Qo] oicf. 

M- ^^H-cr SiC#-|- $^*rfe3| SH^-I 3- ^f-g- Source-I- DTBSi^ CBr 4 5- ^ 

^-fr *rfe ^^r ^>qcf. AlInGaN# SiC#-|- ^*Kr31 <&o]x] a}^£- 

SiC#^ ^SLf^lfe ^^l* *f-§-*r*l ZL SiC%-2\ ^ 

^^-^l^b°l n ll-T- f'^-W. ^rS7V -^-£5. ^7lM- ^l^Vol zjoi*]^ AlInGaN#°lH 
^^7l7f olf^M S-^} Al, In, Ga* r ^ ^*$S\?\} 

ig-^ofl u\m. SiC#€- AlInGaN^ SHI k)-^ (amorphous) , 

t^(poly-crystal), (Crystal ) tq-oj^Tfl ^€ ^j- Xix^. oj 
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€ ^H3£ SiC#s] ^^s.oji ttj-sf ^ 4f^°W ^^3*1 SiaC b 

St!:, -g-^^ SiCf'Sl ^^--£-£^r, AlInGaN#s] 11 ^3hfr£ 

700"C 1200 1 ol*M5.3. t SOO-Col^ 1100"C°l*|-3. S r fe 

£^r, oj-^. SiC#2] ^flfe 5 ^iSf 1000 -g-iziS-S- 

ol^l-S. ^ S r fe ?H Hl-BJ-^sl-cf. ^v\]7\ $M1 ^ ±r AlInGaN# 

£ _fi.^°l ^3H*lxr a^q. 4£§>7fl ^^^^ #aj°l q-mv^i 

711 SlJl SWM 3*4 SiC AlInGaNM *3^7l- 

-g-«flsH Ms)7ll ^r^l ^ ^^fl* 1000 -g-^iEf o] 

§ r fe wl-^si-tq-. 

v^S^, p-s.€s: €40* *}-§-^ n £fe p #°l7ii4 

5Efe S]S.^o.S S-^-i- 'sl-^l ^Ste-M- ^Hh^s. ^€ N#^l *r 

f 

SJLtf. P-AlInGaN $H1 N-SiC#* ^-f M-I- °l-g-sRr ^-^1 

2. Si c C d N e # *8^. 

» 

£ ^ <H| *\ ^ SiCN## ^ ^ §1-7] ^sfl^ ^el^- ^ ±iS ^-^-R-7l# 
(Metal Organic) U**?! DTBSi* Af-g-s}-^ o_r^ , ^ ^ iiS M-fM 

#(Metal Organic) <U^9l CBr 4 l- ^>-§-^ai ^4: ¥^ ^-C-M 0 !- Stt 
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DMHy* 5Si=K SMH-E ^tr 7 AA °) rti** >M"§-^ °l-fRr 

Ai «I^-sfl7V ^71] ^H^i CH 4 Lf SiH 4 ^ Hydride source* ^-g-^ ^ofl 

ulsflAi jq^ofl^ SiCN#^- *§^& ^ #^°] &7l «fl^-<=>li4. ^ ^-tg 

4 

SiCN## ^^rUl &<>H *r-§- Source!- DTBSi , CBr 4 , NH 3 SEfe DMHy 
*H3SHr ofMcf. AlInGaN# $Hl SiCN#^r ^ ^7l g. 

SiC## tilHSH £^ °>2fl2l AlInGaN#-^2] ^ 

71 7V ^S\B.S. AlInGaN^s] ^7 r ^llf^fe 3# » 0 M^ Sl>H 

SiC^^f Hl5I*H SiCN^-§: ^-g-^ n 4#SH SiC^f 

AlInGaN#2l &_^S) SiC%-°M SiCNM ^-f ^o^V &cf. 

<26> *r€- SiCN^^r AlInGaNfrSHl S^fHl (amorphous) . ^ 

^^(poly-crystal), ^Q^i (Crystal ) *gefljL ^°^}7]} >- 7r &t)-. 4 

^vg^oiq. tfM^l SicC d Ne^ c ,d,e fe 0°) o r \d 7>^lnf. str, ^-iJrM 

i 

SiCN^ ^^griEfe, AlInGaNM im^"?! ^-BrS.' 700V°}^ 1200°C^s r 
°]5L, 500 V<>)*<t 1100°C°l«l-5- ^V^r ul-^W. 

♦ 

<27> 5£fb, t^l SiCN^s] 3f-*flfc 5 -g-ZL^E^. oj^v 10 00 i3i§f 

o]is}3_ ?A°] »>^*H=r. tMW n^^n^f *1<H1 ^^tt AlInGaN# 
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<28> 3^r, £- ^<H1 of* SiCN#s) S.^, l-^-I-(^)]: N-SL^B: ^4^M^S 

SEfe *M ^^M- 0.5. m°A ?A2S- *r 

P-AlInGaN N-SiCNf^-S: ^-f 3l^# ol-g-*Kr ^ 

<29> 3. C { N g # 

oo> ^-^^a^ CN#^§- ^^§1-71 ^*H*1 ^ ^ i±S ^^M* (Metal 

Organic) -fci^ CBr 4 » Af-g-s}-^^ , ^ ^ ^SA^r, *r°l^ 

e]-o] ? ]7]l SEfe -y-S-t-^l- ^ ^l-B^I^l ±it Af-g-s:^^. CBr 4 » 

^-i- rfcr o>u)cf. CN#S1 7J°- u|-nv a^£.^o]1 x^o.^ ^ 

of, sH^Or^)^ SiC^ ^e) CN -^Slf^l °>efls] AlInGaN#s} ^ 

<3!> ^ o)-^- C f N g #^r AlInGaN#$H] S^ofl ttl-ef -5?-7j ^ (amorphous ) , 4 

^^(poly-crystal), (Crystal ) *$ns. cf^M] ^€ *r Si 1 }. 
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C f N 8 #^ f.gfe 0°1 o\y] 71-^1 nf. 

700 1200'ColSl-^S.S., 500^^1^}- llOO'C^lSl-S sHir u^^H}. 

S?}-, C f N g #£l 5 -^niEf oj^v lO0O-§-n^Ef. ol 

§1-5. ^oRr ?M u>^s]-cf. -^7}- ^^^Nf- ^^fe AlInGaN#£r 

SJH=K °1tt e^-^j^-S. C f N g #2f AlInGaN^ ^V°]^ ^x}- ^f^ol ^.g. ^oj 

V^^, P-£^m: ^1^1^71^- a ^)^r N E&fe P S^gsl #o] 7 -m 

EE-fer S]H^o.S- 51^ §1-^1 ^£ N#<y 3 .2.3. ^ 

Sinf. P-AHnGaN $M1 N - Cf N g #^- 34- Jl^* °l-g-«Hr ^ -^^1 

q-olE^oi = (SiCN)# 7>£-i~MSiiMH(CN)#* SL 3a-3c<Hl 
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°>2fl^ AlInGaN#3f aj-xjs] ^o)^ %^S, ^^S]x= %-°)E-£. ZL ^Aj-Jf 

OT. £ 3axr ^Q^SLsL ^£ 1#(31)S1 W>1<HM AlInGaN#°| 7} 
*loL *g^£ 5L<$(32)-& M-Ef^cf. £ 3b-fe 5^«l-7fl ^£ *fl 1#(33)^ tq^ 
4| AHnGaN#ol -Q-^-i: 7>*l:n. ^a^ SL«3=(34)-g- M-t^W. £ 3ctt l-g^f^ 
cf-g- <^]S.Ai ^.^-i: 7fxlfe AlInGaN#°l *fl 1#(35)S] a)-o] ^ ^ofl 7 ]-^^ 
Ai s.<#(32,34)-§- M-Bf^cf . a. g-igofl tcj-^- 7}x}±= ^-Sfe £ 3a- 

^sfl^l m-^5}-l- ^r£^| ^^a}^ P-AlInGaN# 3H1 SHH ©I^t 1 
#°1 N 5Efe P^ ^e)5-?l-Hl-ol£L(SiC)# ^^€-?V^rM- 0 lHE}ols.(SiCN)# 5E 

^ 7].a.u|.clmel-olH.(CN)#* % ^ , A] \% W^il 2#<^| Sfi^sj-fe 
Tflfil P-Al x Ga y In z N#^r 9X°\*\ =1 W 3? <>WH 

£ 3a-3c°fl M-Bl-M- Sl^-ol 1^(20)^1 N 2Efe P^ *J 3^>uMS.(SiC)# 
^el$7V^oiEe}oi.B(siCN)lr 7f^4 0 lS^°l-B(CN)# SHI 2% 

(21)^1 A!InGaN## ^^*>^ ¥ ££r #^ ^ 

o.s. <y*H *fl 2^(21)^1 ^(island) 5L«5J=o.S. ^g-^l Tfl °1tt "Ml Wetting^ 

^ ^Slfe $H1 *g-§r ^-r- -§-°l H o v -i- H o v -i- -g-^lfe SI'S-* -tf^^ ^ 
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9] AlInGaN#(32)<H ^#5)^*1 °)*T-7\\ $3., *fl 1%-°] ^#(33)^ ^-f 

1% $H1 -'MHflS. S7l AlInGaN# Seed^V ^(34)# 

afl 2# y]-^- ^ofl ^-eH &_%3] S^i)- Sftjl. ^ *ll 

^*fl «W iJjEofl f^^. q^fr ^1 

£ 4fe ■& nJ-eH A^-g- 7Hfe Al InGaNfr^l W^l^ 

(SEM)Sl o]tilxl©lcf. £ 4<HH ^ ^f-S-o) A 1 1 nGaN^ <=>1 JL 

o. «.h.o] ^| 1*011 sflTg-s].- «-^-oicf. zl 3.71 /life ^ -g-n^S-f-olH 10 

AlGaInN#sl ^.*flefl ^ ^cf. X^<Hl ^ t 

^ ja^. SMH ^ °1*>1I *3 ^ 

£ 5a-5bfe ^6fl £.;§-§- AFM#«1« °l-8-*M #^t!r 5. 

^ ol v] x\ o] . AFM ^lfe SMM ^-3-* SEM^l^ t-1 3^ 

*o^l °ife ^l 0 ! 1 }. £ 5afe 7^fe U^l^l 1.5um x 

1.5um^^S] olDl^olcl-. zi 3.7\7\ ^«2HH ^ o>ol3.§^l cl-^ 

5. ^sj^ Si^r. -£ 5bfe -£ 5a <=>1 ^1 ^1 ^ prof i le-8: 

5U 4. =L 7gA}^ ^7flfe lOS^M 3.7llfe 60i <>1W*1 t^SM 51 fe 

^-8" ^- < y^' Sl^r. °1€ ^ A >^^r ^l-Sl-fer $.3- ^ 3 
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<42> £ 6^ 1H3°fl ^-s. 7Hfe #^-^^2] ^1 1^(20)S] ^?H1 ttf^- 

°1 2nfl <>)Aj- ^7\&% ^ $X^. lf^ <4^1 A^o] 4J3fl*l 

JEL3. ^.^o] a] ^-#^ol #tfl^-§- ^ sanf. 
<43> £ 7^r *ll tc^m. ^.^s] Jgs-i- o.^. aim*}; xf^.oi 

cf. 3} ^^<y t^-nfol^c o| ^ *>*1<>H, -f- i£*f| Af^l^ siC 

# ej= 10 -g-^ilf ^e)^- 7j xfl Af^l^ SiC* ^ 20 -g-n^E^- 

*V ^-fo]cf. ojnfl SiC-^l-cr 7l«Vo.S ofl=l=-*] o) , ^^^jo.^. ^ 

&2\ *}°]7Y ^ SL 7°fl M-Eftf^ SiC ^V\]7\ ^^4^ 

<44> .s^-g- 7>x]^ ^cq-ois.c.g. ^a^oii 9X°]*\ 6 >sfl^ ^ 

<45> 1. 

<46> m-^W t^^Hl XI Aj-J=L p-ofl^- 

P-GaN# ^<KH1, afl 1#°J N^-^^^fHfo|i=( SiaCb )s Sfe N^-^clS-n^-^- 

■ 

olse}-o]c(Si c C d N e )# SEfe N^-7>^-M-^E5l-ol^(C f N g )#(a,b,c,d,e,f ,g * 0)-ir 

5 i3iHf °1^> 10 00 o|§l-S. ^^Sj-Jl n ^il 'lf W>H 2#<y 

P-GaN# (x+y+z=l > 0^x<l,0<y^l 1 0<z^l)^- 100 -g-Zl^E^. opj- 500 o -g-Zl^^ 
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<47> ^A]<fl 2. 

<48> m-^S|-l: ^4i^Hl SH*! , 7l#Sl ^ P-nfll- ^^Sl- 

P-GaN# *fl P^-^e|^l-al- 0 l = (Si a C b )# Sife P^-^^r?}^ 

o)S^^H(Si c C d N e )^ Sfe P^-7V^-i4olBel-oi = (c f N g )#(a,b,c > d,e,f,g * 0)-i- 5 

-g-ZL^E-f- o]A o V 10 00 -g-^L^E^. zl *fl 1# ^ofl ^1 2#°J P- 

GaN# (x+y+z=l,0<x<l,0<y<l,0<z<l)-§: 100 -g-ZL^m-f- 5000 ^aiSf 

<49> <*J A l°fl 3. 

<50> ffl-^^# «£513l tfi4°fl 5a ^ p-ofll- ^##^r ^S)- 

P-GaN^ *H 1#°J N^-^^HHS-CSiA)* Hife N^H^^&M- 

olSel-olHCSicCdNe)^ N^i-5l-&M-olS^olS.(CfNg )# (a.b.cd.e, f ,g * 0)-^ 

5 -g-ZtiS-f. ojtf 1000 -g-ZLiS-f- ^^*Val ZL afl i# -#i=Hl *)| 2#<d 

P-GaN# (x+y+z=l,0<x<l,0<y<l,0<z<l) -§- 100 -g-ZL^B-g. 5000 -g-ZL-b 

e^. ois-).^. A^g|.j7 ^1 2#$H1 34M1 Sfl ^Sj-fe N-GaN# (x+y+z=l,0<x< 1,0 
< y <l,0<z<l)# 5 -g-ZLiB-g- o]^- 200-g-zz.^B-f. ^^sV-fe 3J-§- 

3. m-^ sl-l- aKE^l IHhM-. °1 3#<>i) sR^fe- a^f 
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<51> 4. 

P-GaN^ -a-iEHl, ^1 1^*1 P^-^e]5-7ftil-o)^(si a c b )# Hlfe P^-^^^V^ 
o]S5l-oi = (si c c d Ne)# SEfe P^-7h-g-M-c>lE5l-c>iH(C f N g )#(a,b,c,d,e,f,g * 0)1- 

5 -g-3>;S-f- 1000 ^ ^ §f Ji 3. *fl 1# ##°fl ^1 2#<>] 

P-GaN# (x+y+z=l,0<x<l,0<y<l,0<z<l)-§- 100 -g-zi^Hf- 5000 -g-ZL>iB. 

°]is}3. z\] 2#$H1 3#°ll N-GaN# (x+y+z=l,0<x< 1,0< 

y<l,0<z<l)-|r 5 200 -g-^^S^- °]f>}S. ^^Hr 3J-§r JHJ£- 

S «Kr m-^S]-^- *l£*fl ^"^^K °1 3#«fl Sfl^SRr Bi^^ 5.4 

<53> ^^lofl 5. 

<54> ^X\o\] l,2,3,4oilAi 7l#^ ^ixH 9\°]*\, ^r7] 7>xlfe 

ITO, °J#, ifHHr, 73. *t, ^-Bfl-ff, ^1^, U^SA, ^ #3-* 

<55> ^"71 ^HHl 7l^fl^ *lj 1# 5> *1] 2#5] ^flS] o]n]# ol^Sj-^c-i] 
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MES *fl 1% % A 2%°\ ^f-V\\$\ Sfl^H °X°) #31SUr 

*1 Ik^Q %<>] -S-li^H -i-^s]^^ SJlfe 
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ji m-^si-# she. 3H1 #^r%-% a^Kr m-^^-# 

p^ m-^sj-l- A oM p^ aH>H ¥°H, 

€ -M m-^5}-# «Vi^l#S- ^ 2#;# 3 s^-si-fe ^-^^.s. 

21 

IttVr 3] 

*ll l#£r ^e1^V«l- 0 l^ (SiaC b ;a,b*0), -i^S-^M-^SBfo) x= (Si c C 
d N e ;c,d.e*0), (C,N B ;f,g^0)S. °]^^ ZSLSL^t] *d^& 
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4] 

«KE*11#, HBlJL 2fl 2%$= Al x Ga y In z N (x+y+z=l)5. o]^M*l-il ( 

-S-71 2fl 2#£r 2fl cf-E M o]^ 7 fls] >g ( island)*. 

2- ^^.S. m-^Sf* «lrS^l ^"^71-. 

Wf* 5] 

21] 3 * 0 H1 sa'«H-M. 

211 4 «oHl &<>H. 

211 2#£r P^ Al x Ga y IruN (x+y+z=l)<?l ?A%- ^$2-3. m-^S^ &SL*H 

7] 

211 3 Ml*l 2fl 6 *J- ^si ^ tg-ofl SH*!, 

211 1#^T 5 -g-H^E-g. 0]A o V 1000 -S-^-r^E^. Olsfo] 7}2lfe ^-fr J=- 
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13 ^ 8] 
91 

10] 
11] 

121 
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[3^*9- 131 

*1] 100 ^li§f o)a o v 5000 ^-ZL^e^- o)f%o\ ifTfls. 7 |-*lfe 

[^^8" 14] 

t 

*fl 2#2j ^^Ml Al x Ga y In 2 N(x+y+z=l)^ € 3^-§r c| S^SHr 

3!^- j^j sj-fe m-^l^i- 

15] 

14 *<H1 3X°]*\, 

16] 

^Itet, I TO, ^e), S^-S, ^, ^f- 31 Tf , 
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[3^8- 17] 

1# Aj-g-s)^ Si M i^fe SiH 4 , Si 2 H 6 , DTBSi 5" 

^S-^-Ei AiajS]^ , C i^fe CH 4 , C 2 il 6 , CBr 4 3. ^ 

O-S^-E] ^d^jslfe sVH-sJ #^<>M., N ^ ^^fe NH 3 , Hydrazine/!] iii <>1-^ 

MJt 1 * 18] 

7]^:(10); 

71^(10) SHI ¥°1tt tH^#(ll); 
tH^^(ll) fl6(| -=rolfe Al x Ga y In 2 N#(12); 

Al x Ga y In z N#(12) fl*H ¥°1tt Al x Ga y In z N %^#(13); 

Al x Ga y In z N ^#(13) $l°fl ¥°1^ Al x Ga y In Z N#(14); 

P*§ Al x Ga y In z N#(14) $H1 ^^JL, ^elS-^«V 0 lH-(Si a C „ ;a,b*0), ^3 
^>a.i4oiEe].oi^(si c C d N e ;c,d,e*0), ^^iSeH^CCfN g ;f,g*0)S. ol-f-o) 
^1 5-o.^fEi ^rM^ ^l^-^^l 1#(20); 

*l i#°l ^€ 4- ^^2, sq^^r :£-§--§- ^ol7l fl^ 71) ^ -go. 
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3. ^SM, AlxGayln.NS. 2#(21); 

^ 2# SHI ^o}^ pig ^^-#(17); 

Al x Ga y In z N#(12) flcfl *<>]fe ^^"#(18);# S^Hr ^-2. 

s. sj-fe- m-^ £}--§- wv^^l ^-^^K 

[^7-^- 191 

18 

Al x Ga y In z N^(14) 3i Al x Ga y In z N5- °1^<H# *fl 2#(21)^ GaN^l 

[3^8- 20] 

*fl 18 *<H1 Si^H, 
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[51 1] 



15: 

16 • il? 
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AiinGaW 
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IS. 5a] 
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IS. 6] 




IS 7] 



